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[mm&] mm 

m m <o%m v — vmm & <k n & m ^ ^f-v x * ^g 

j:'J^<Io80 OnmJ: y/J^v^^ftlz-if^gfCfc^T, 
±S3#FJi£<fctfAy I nGaP , I nGaAsP & <g> miGaAsP CDfatl 

-fcSB^-r KJitt, Al x Ga 1 _ x As(0 . 2 0<x^ 1 ) #IT i £ 

±aa^f>f KM<z>ni^^^icfe^sAi<z)^ifcS:^t>-r±iaxcDffi(io . 2 

T, 



Iff 1 & S V \ teW 2 iC fB«CD 1/ - if ^g (C i3 V ^ 



0.4 J; »; %/h$V^£&#?th^£¥##b--1fi 

CH#^6] if 3^ 1 75Miff#^5 (Dffitifr— o{cfB^©^^#:U-if| 
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7 ] if 1 7JrM|f 6 ©Mti^^o{cfB«©^^ l/-ifig 

[o 0 o l ] 

Z&ftWit, fS^mmZAl^^fjt^mmmm 8 0nm^(7 6 OnmJ: ijjzg 
< 8 0 OnmJ: U/hS v^)©^#f*:i/— £J:t>\ ■£® i MMfrU-->f&S& 

[0 0 0 2] 

3, -e^tfJ-et), ^i£#£&#nrfg&CD - R (CD recordable) jg<Z>i|M$#;U - 
ifigg^LT, 1 2 O«WJ^±<O^m±T*%'®0ttCD^V>^#^U~if^g^ 

[0 0 0 3] 

^-5T% #FM/rt U T jf (C A 1 & A o T t> * A 1 G a A s*^#/?fltfgt 

bt, ±sB#FJf/Ay TMlCAiaMvoTVN&V^^C^SCI^lC.fcoT, 

0 nm0 (c £ T , 1 2 0 mW^^^m^JT+^J&^lf 5rWT-5^#fl£ I/— if 
tt5fc £ mig L T ^ & V > 0 
[0 0 0 4] 
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±m#PM/rtVTM fCAl#AoTV^V^^tf)3gJg$-§|8 1 0nm©¥#flsu 
—Vmmt L/T, 1 - 2 2 0 2 4 4^#, Japanese Journal 

of Applied Physics Vol .38(1999) PP . L387 - L389iC^$ tlT ^-5 i: ? 

[0 0 0 5] 

HI 2ii, _tfB#F?ji/Ay Tjf fCAWAot^^VMnGaAsPM^P 

m®. V - If Iggtc £ £ f^M^^tf) x * ;b a > j? ^ ^ ( E g) ^ ^ 

[0 0 0 6] 

012(C£^T, KinSGaAsl«, 2 ii nlA l 0>63 Ga 0 37 AsTSP^ v 
4 tt, A';7l5t#^l6fc^e.«5 -M4^#F ( D Q W) 



LTVN^ G 7|*Iii 0b484 G« 0>516 P±»^K*, 8iipM©Al 0 63 Ga 

0> 3 7 As±«J^9y K®, 9ttpS0GaAs«iI, 1 0 it S i 0 2 «^^n y Z 
1 lBnlfi, 1 2(ipli| 



X*$>Z> 0 AUTJS5&, In 0 .4 Ga 0 6 P_e 
it 5 a, 5 8 nmX& U 5 b# 7 nrnT? 



i^, Ino^GaQ^PcDEgti, M L & ^*§-&te 2 . 0 2 e V^M £ 

§I5IMC J:§f2#JC ioT 1 . 9 3eV~ 1 . 9 6 eVfg ( gtC&£ 



#^Jf6&, In 0.162 Ga 0.838 As 0.671 P 0.329 T '^^^^^ 1 ^ 
Eg»1.5 7eVTf, IttM^LT^^ Ml* 6 a, 6 b&iz 5 nmT*& 6 



AlGaAs±gp^9>y K® 8 ti, U y h ^ti££;£ U Xh5>f 
^flgli 2 . 5 /£imT?&£ 0 



V it, I n 



0.484 



[0 0 0 7] 

^©#FMMUTJfiCAl^AoT^^Vx^#^l/-if^ 
Ga 0.516 P #^ K*(Eg= 1 . 8 9eV)i: InGaAsP^^jf^^tC In 0 4 Ga 0 g 

p^'Jti^ait, #pm izmm-tzmi^t y, ^yri5)h©Egc!) ' 

rAEgj£0.3 6eV~0.3 9eVi:, #fI/;< U TMtC Al#Ao T V**¥* 
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fcV—*fmn& bTV^S. Mill AlGaAs^(7)^l|[^U--tF©a: 

-?#F^jfiT*li, «f*AEg=0.2 5eVggT?*S. 3tf><fc?lC, ±|Bt£#© 

[0 0 0 8] 

mm tfmm l & e> t -r -5 mm] 

LfrL&#£5, ±fH^©#FJi/A'; TllCAl^Aot^*^ I nGaAsP 

m<. &&&mmmt>n&^ 0 umm^^mizm<. 8o°cj£un?ii 

[0 0 0 9] 
[0 0 1 0] 

[Rfl &£¥&-r 5 # cd^is] 

^ K«£,TSP#>r KJg 1 *2 2b&W*mM<D#FM£.rtV rmt^mm^n 

|g|gM5^7 6 Onmi ^§<1^8 0 OnmJ; U-+^g}C&VN 
T, ±fB^Fjffe £Z$AV 7M it InGaP , I nGaAsP V^iGaAsP ©faji 

±IE#-f KJf ttA^Ga^AsCO . 2 0 < x ^ 1 ) vm&Z tlT V\ 

[0011] 
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%L\ZWi&-tZ> J:e>{C, InGaAsPii, £^ ft C5 E gT'fe o T 3 

>^^i/3>A*> K©i*^-(Ec)i:^i/>^> Ktf>x*;t,3f-(Ev)£tf> 

m»oT<£ 0 #tC, »^»««GaAsS«JC5£V^^T?fca InGaAsP 

Tfc, Ev©M( I AEv | )k£2MJ#*£<fc 0 T, Ecffli( | AEc | ){j;AlGa 
[0 0 1 2] 

0nm^^#^U-if^g©^( C{i% | AEc | ,Mz£2>n*<D*-A-7U- 
[0 0 13] 

±SBfllfifctC <fc;fUi, I nGaP , I nGaA s P & £ V>« Ga As P (DffitlfrVMffc £ 
*ISA1&-£*&^AU 71©^!!:, III«*©AlffifR,fcfc#0 . 2 0 J: U*£Vn 
AlGaAs^W KJStf&ttfcjfiTVx*. Lfc^ot, _h|H InGaP, InGaAsP 
**V^iGaAsP<oMti^-e*|^;Sn« Al&#£&v>#j=fJg£j : gH ; #> f ' KJffc 
®|AEc|#, 0. 1 2eV€f£JW±tc®^3nS„ I0DO. 1 2eViIi:{t 
AlGaAs^ifi##cb-if©^ # ^^ {c ^ v , T> ^y 7ii: UTIII&CD A 1 
,M#0. 2 7SS©AlGaAsS:fflv>fc|g^cD, A U TJ§ £ £ 0> A E c{C 

*B^lT£ 0 tfc^ot, AlGaAs^©^##;l/-if t ^JK±JC«^©^-- A 

[0 0 14] 

Ktt, Al£#tU:SBAlGaAs#>f KMtfBtfcSftSZfcttfcv*. Uc^ot, 
[0 0 15] 



5 



miiE#2 003-3035278 



#2002-209795 



[0 0 16] 

3C0^M(CJ:tli^ _fcfBAlGaAs#>f KJS£#FJ1£© | A E c | £ 0 . 1 
2 ev j: »; *bmmiz*g < It, ±SB#^»#&©tty-©*- A- 7n-^i»J 

[0 0 17] 
[0018] 

3©^JfeMiCi:tl^ ±SBAlGaAs#>f KM© | AEcO | fc<fctfGaAsg:R 
tC^f-rSEv^HT&S I AEvO | #, _b3BTSP*9y K»fe«ktf±ap^9y K 

[0019] 
[0 0 2 0] 

3©^J6«lCJ:ti«, _h|BA lGaAs^f>f KM© | AEcO | fccfctf | AEvO | 
[0 0 2 1 ] 
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[0 0 2 2] 

[0 0 2 3] 
[0 0 2 4] 
[0 0 2 5] 
[0 0 2 6] 

tife»^ic, 3I»S*«#ASnfe±8BAUrJitt^*«fl||B&M'f *. 

[0 0 2 7} 
[0 0 2 8] 

#{CCD - R,CD - RW(CDrewrUable)^/\tf)»£&#B£fc|?gffi£& 0 
[0 0 2 9] 
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[0 0 3 0] 

MOj&Mlt, I nGaAsP^^Jf / I nGaPAU 7l©i?#FfSttIlti: A 1 Ga 
Astf-Y FM£%:ti-tZ>mnW&tf7 8 Onm©^^ l/-if^«{cM1-^> 0 
[0 0 3 1 ] 

HKCfe^T, 2 1 ten^GaAs^jg, 2 2 tenMGaAsAy 7 r if (JUPO 
.5#mh 2 3«n^Al 0 _ 5 Ga 0>5 AsTSP^^^ KM (if J? 1 . 7 # ») , 2 4 ft 
A1 0.35 Ga 0.65 AsT ^^^ K ^ (JfJ?4 5nm) , 2 5 li?gffiflg«7?*So 3i 
T*> ffittl*2 5li, A>J7I2 6t#^l2 7t^^SnlI?#F(DQ 
W)«jgS:*LT^*o 2 8liAl 0i 3 5 Ga 0 65 As±iJ^ KM (JS^4 5 

nm), 2 9a|iplAl 0i5 Ga 0j5 As±aiil * K*(M*0.2 /(■), 3 0 tt 
P iGaAsx >y f > h y ^1 (1^ 3 nil) , 2 9btt«Jy*?^h5^^^© 

pSA1 0.5 Ga 0.5 AsJ:a! ® 2 ^ 5 f KMOMl . 2 8 3 1 tep^GaAs 

fl&MJfOIJSO. 7/ti), 3 2»nSAl 0 7 Ga 0 gAsfg 1 Mgfc^n y # Jf (JfgC 0 
.6^.0). 3 3linlGaAs||2iI^n<y^I(If 0. 7 3 4tep§tfGa 

AsfI&#^Jg(Jgjp: o . 6 3 5 (ipMGaAs^p-v V^MiMM 2 3 

[0 0 3 2] 

ft, ±fi^'Jrl2 6ttlD 0i4 G8 0i6 PTfi«Sn, 2ttSIM-0.6 2% 
t?. flMM±2 6a,2 6c#8mO?&»K 2 6 b# 7 nmT*&£ 0 j^, In n ,Ga ft ,P 

BIMfC iot, 1 .9 3eV~l .9 6 eV;g,g&C&£ £>*i£ 0 

#FJg2 7», In 0 .162 Ga 0.838 As 0.671 P 0.329 T *^^^ Eg«1.57eV 
T% LX *J, MJ¥»2 7a,2 7b^lC5nmT?fe*o ft, ^FJB 

2 7£rtVTM2 6£<D | AEg| & 0 . 3 6eV~0.3 9eVT?&5„ Al 
GaAs^ KM 2 4,2 8 (DEglt 1 . 8 6eVT*&£ 0 
[0 0 3 3] 

£33T% ±IBAlGaAs^(Z)^##:l/-4f^gT*«, M1$#FM£rt V7M 
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£l<Z)|AEg|te0.2 5eVg|£T?&»K £©AEg#0 . 2 0 eVgSflCfc* 
[0 0 3 4] 

±I3#^0 InGaAsPftpf/lnGaP^iJ 7M/A 1 GaAs^f^f KM¥##l/ 

0)®&ft5GaAsSS2 1 JifC, GaAsA y 7 rl 2 2 , A 1 GaAsfgp 9 
V KM 2 3 , AlGaAsT^P^V KM 2 4. 3 M<DA 'J7f 2 6 £ 2 M<D#PM 
2 7&352tcSBiBUT^5DQW«|3S©Mtt««2 5, A 1 Ga As±®tfj KM 
2 8, AlGaAs_tg|S^i f; ^ v KM 2 9 a, Ga Asx y + y >f^ fx v ^jp 3 0 % 

AlGaAs±»*2*9y KM2 9K GaAs«H3 U, ^r^M^^^ 
{Cj:oTIli^M^^$i±§ 0 £P>tC, GaAs^i^3 lltC^WSU y h 

[0 0 3 5] 

±fBl/^* V^*V£ktt.V>®ft\Z&WZ>GzAmmmZ lfcitfAlGa 
As±a$&2 KM 2 9b©*5:i>yf>^ bT , y h9>f ^flJ* 

GaAsill^ D ^l3 2, GaAsfg 2 IS^D y 3 3 , GaAsifJi^ 

#»M3 4£, ^ll^MAW^SffiKlioTIR^jfcSft^*^*^,, -e©|^{C, ± 

^M3 2,3 s & &x*M.&&umm 2 4^cr«jc^«sn*. 

[0 0 3 6] 

^^?Wt§. -eLT, ±!Et5^gp©fI&#L^M 3 4 ,^2iiyn^ 

^M3 3 ^J;^it^n«y^i3 2 *?Lv?-y>f\z& yjii#;|&£LT, y y 

h^>f ^©EW&RffiSii:*. £®tC, GaAs^^y^jf3 5 £ 

n«Si36S^U ^P^"^I3 5©SSCpiti3 7 £Lt 
<Z> J: 3 {C L T , ^ K9>f ^"*g2 . 5 it* V ^#3S&^-r* InGaAsP# 
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[0 0 3 7] 

#o£ 0 -£tf>M^ BUMgfgl th=3 8 mA, jgg#tT0= 1 0 8 K^MLt. 

Jf{CAl#AoT^&^ I nGaAsP^4^-#^}t©if£^ l/--»f^gjcJt^> 
#F?Jf2 7feJ;^AUTj»2 6 ©#^i|^T'&3 C=fc#> P> Rgfifttftg I th, 

[0 0 3 8 ] 
(Ec,Evtf)#l±#lf>f) 

¥^fttf)Egte, n>^^i/ 3 >7^> K©x^;^-(Ec)j3it>V1l/>^;^ 
K0l*;^-(Ev)0it'feS„ M/L|WJDEg-e&oT&, Ec 

^3J:^Ev^M^^M^{CJ:oTffi^-t§ 0 AlGaAs^Ec.Ev 
#iSV^lC*fLT, InGaAsP^T*l£Ec,Ev;W£V^m;fc>;ftT^£ 0 M&S¥ 

-*?^m^&^T#FM 2 7 (CM^Tl^S InGaAsP^itftf-f KJff 
2 4 fCM^T^£ AlGaAs<Z)M^K;ft-t3Ec,EvfCo^T5f g U -e^M^lC 

[0 0 3 9] 

TliCffl^T ^5 GaAs© Eg, Ec, Ev£^*fgfc LT-?-<Z)fiiflfC#f-f S^-fil 
I AEgO | , | AEcO | , | AEvO | T'Mt53i:{Ct5 0 £ £, | AEgO | & 
I A E CO | + | A E vO | T*&£ 0 r^T% | A EgO | 0 ? % \ A E cO | 
I AEcO | / | AEgO | tmm* S„ 
[0 0 4 0] 

-£e>1-5£, InGaP© | A E cO | / | A E gO \ IZ-D VnT it 
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I A E CO | / | AEgO| = 0.1 8 

^VO«'fll30«Appl.Phys.Lett.66,pl785(19g5)JCHf^3tlTfe»;, ZtlZmUZ 
&mt& 0 GaAsP® | AEcO | / | AEgO | fC^Tte, ±|HInGaP 

T*, GaAsP© | A E cO | / | A E gO | t L T»o*PCDte&a8£ U I nGa 
P£GaAsP£tf)P^tf)#flj£T*&3 InGaAsPJCo^Tfc*. WiCJSDtlnGa 
P©tffcGaAsP©«fc©raT*3Sftf*i:«jeL, M^CfcWS InGaAsP 

® I AEgO | ,| A EcO | jfkZf I AEvO | #£©J:e>tCfcSrt*&|ftaf LT#5 0 

33T*&, £IS<0GaAsP4#f£icSfc-£ofc«i:LT, GaAsPOD | A EcO | / 
I AEgO | 6 0 fcLfcH^&j**-. jft, InGaAsP^tf)Eg|E|£MCo^T 

*k t5v%Tffi/£i:0>|»#£Jg£l,fc. Zlfttt, InGaAsP^OEg 

fitfC&oTV^^£#)T'&£ 0 /ft, AlGaAstf) | A EcO | / | AEgO | lCo\^T 
tt, -flSlC 0.6-0. 6 5 tnt>tlXi5V, 0 . 6 t LT&MSr^o 
[0 0 4 1 ] 

Ef4&, InGaAsP(CoV>T, $tfftx feIII«©Ga||fiJt4:-r*— ^ Jgffty 
&V&©P«B&£ Ufc¥lr±»C, I^DEg£fcS(x,y)£M/ul?^EgMS£Ji 
V^£|IIT*&£o 05 l£, fix £ I IiafcDGajfijjfcfc f*-*, Mffly&V^CDP 
#If££Lfc¥®±lC, HCEci:^S(x,y)S:^^T*^Ecffi^$:^v^feg^T** 
*□ fft, I A EcO | £ 5 0«eV#©^ra|ijStf«|V^T^S o 0 6 #t$fix 

Srllli^OGaffi^^-rs— ^f, >WWy £ V«l© PjfifiKi: Lfc^ffi±{c, IhICEv 

£&S(x,y)£^T^Ev|flnj££jgv>fc0T*&5 o fft, |AEvO|&5 0meV 
«©#WWT?«V%TV^ 0 *ttx&IIIjH©Galfijafc-fS-;£, i^$fiy 

$:Vl0PMhl^ffi±{C, GaAsJC#*S^*#|i3£fcfcS(x f y)fc|g 

Evtf^ffctCo^Ttt, InGaP©jEEiWS©#^JCHIL/T»ffiLfc««« rj.Appl. 
Phys., 54, 4, pp. 2052-2056(1983) J IC HI!;* 3 tl T V ^ „ L^L^^6, 

InGaAsP^GaAsPoa^^ffi^lCfcoTifCDidtC^-fft-S^jb^^-efe 
04-0 6 fC^T}iM<2|£#f*#/tLT{;i:^&^ 0 
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[0 0 4 2] 

±m^ EgmtmEmt^Emt zttm-? & t , ±mm e gm±\zm zm$. 

£ InGaPJC^tfSi:, | AEvO | | A E cO | «3^P/Jn£<& 

Egtt/tl/ K{ffl&Cj£#5 3£#¥!fS 0 Jglc, GaAsP JCi£r5 

VZ>£, I AEvO I tt/M*< & S # I AEcO | EgiZnytfti/ 

[0 0 4 3] 

IH 8 IC, GaAs^j£_hlc|&^-^-£-t£ InGaAsPfe J:^AlGaAs©Ec,Ev 
0>l»#£*tLTV^ o I nGaAsP^ff j±, A iGaAs^^J; y £ | A E vO | 
#*£<&'J | AEcO | #/Jn£ <^53ilfflSo 08iCtt, *^fa<Dm 

MiC&tf&A V 7M 2 6 (C^^1-^> I n Q >4 Ga Q _ g p (Co V^T =bifciK<Z)£#>fC 
3*LTV*£„ j#N r© I n 0A Ga 0 6 P<Dmi&lZl3\,\ZlZ- 0 . 6 4 %<5D3I5gS£ 
^LTfeU, K8(CJ3V>T^ ^©^iltllfc | AEcO | ©*i£fc&I2fBL 

[0 0 4 4] 

04-0 7 fC, *Hii0^ip##:l/-if^M(cfe^S InGaAsP^f 2 

4BU InGaP^y TJf 2 6 &3I^MT*&£ Eg, | A EcO | , | A E vO | 

^IgSlC&J: *; /Jn 3 t^C&§£ H5J:y | A E cO | ZMfrWl 

»J, 06 J: y | AEvO | 3 £#T*££„ * fe, 0 8 JC, ^12 7, 

iSJ KM 2 4,2 8fc«J:tfAy TI2 6{CM^f Sffi^S:, **(D,<D,(DT*3tL 
TV^5 0 j etltC^t5V%T, GaAsS«2 1 , InGaAsP#^jf2 7 , InGaPA 
VTM2 6 £ J:tf AlGaAs#>f KM 2 4,2 8 K<Z>WflS&lt< 

m<D**fl,*?-AyFZffi<tm2(a)izm-t&Z>lZ&Z> a 02(b)jc, In 

cap^v Fmzm^t±mftm(D¥mfoi;-?mm<D**)i*?-Ay k&^l 

TV*S. fcU ^I©fi{:^tTAl 0 5 Ga Q 5 A 
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[0 0 4 5] 

mW.<Dm&&*)%. #>f KfffcEgtt/hS^tf, #)*}§£%-( FM£0 I AEc | 

©*ffflt~^-7D-*«AlGaAs^ KM 2 4,2 8 {C J: o *l<5 fc«> 

tC, «3fe©InGaP^f>f KM***!/— 9*«*iC^UT, H«*^(Z)©Mfe <fc 

[0 0 4 6] 

(AlGaAs^/>f KMif!lJ*0>^8&&*eH<B&5£) 

0 5 33 J: 0 6 ft, ±j^bfeJ;e){CGaAsP<Z) | AEcO | / | A E gO | £0.6 
[0 0 4 7] 

aT, £©W»rK:S:5V*T, AlGaAsjjjfifStftf-f KMfc lTt«Ci«t6 
I AEcO | ©^HfCo VNTM^-5> 0 
[0 0 4 8] 

I AEcO | £MM|{C/Jn3 < b«:v%i:e>{C^t- -S^hlc^S. ft, 3§JgMJI# 

7 8 0nm©¥ag#l/-if^gic;j3tt3 InGaAsP^pfttt, | A E cO | = jj$ 
0.0 3eV7?fe»J, | AEvO | = #&0. 1 2 eVT*&3 £#t£3 tl*„ feU 3© 

[0 0 4 9] 

I A EcO | (DM'btelZ-D^TlZ. #FMfrb<D&3-(D*-rt-7U-& 
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Rfr<?fc«>tC, #>f FM£#PM<D A Ectfo . l 2eVSSJK-fctCftS J: ^ IC^ 
1~£&£tf&&„ Z(D 0 . 1 2eV&, AlGaAs^^M^r^^-S 7 8 0 nrf£¥& 
^l^--tf^«iCfeVAT> IIlH©Al|aj**«0.2 7 iST & £ A lGaAs£ ^f>f K 

FM2 7# | AEcO | =#&0.0 3eVT'^S I nGaAsP T*&£ i £ ^ #>f 
KM 2 4,2 8© | AEcO | >jftO. 1 5eV( = $jO.O 3eV+0. 1 2eV)tf& 
#£fcS„ fit, 3© | AEcO | tCffi^f £AlGaAs{j:, A 0.20 
cfc U %*£^AlGaAs£&£ 0 <BU rft&S^pg© A Ec£5t<&-f -Sfe&tfD'fii 

5 J: U*^AlGaAs£#>f KM 24,28t LTfflV^ ~ £tfMt. Uv^„ 
[0 0 5 0] 

i^u-^mm<Dm^icit, #>r km 2 4 , 2 8©aim^«o . 3 5-e*s©i?+ 

#&AEc#^£>*lT^3„ 
[0 0 5 1 ] 

#^*fc©7gJ»lCJ3^TW:, #Fl2 7S±0 { #FI2 7 {Cgs-T£A U 71 2 6 

^bTIB^*S. ^IC, Kl2 4 t 2 8ICSf5^tJ7J|2 6Sj|<lt, Al 
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